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PROCESS OF DETECTION OF A DIVE START
IN A DIVE COMPUTER

This application claims priority from European Patent
Application No. EP 04101172.1 filed Mar. 22, 2004 the entire
disclosure of which 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present invention concerns a method for detecting the
start of a dive for implementation 1n a portable electronic
device of the diving computer type. More specifically, the
method 1s for implementation 1n a device of this type having,
at least a first operating mode and a second operating mode,
called the dive mode. This device includes, 1n particular, a
pressure sensor for measuring the value of the ambient pres-
sure and electronic circuits for processing the results of the
pressure measurements including a time base and at least one
memory zone.

The detection method according to the present invention 1s
based on the study of variations 1n the ambient pressure as a
function of time 1n order to detect the start of a dive causing a
significant increase 1n the value of the ambient pressure.

The present 1invention also concerns a portable electronic
device especially adapted to implement the aforementioned
method.

BACKGROUND OF THE INVENTION

Methods of this type for detecting the start of a dive by
using various physical principles are known from the prior
art.

EP Patent No. 0 689 109 granted 1n the name of CITIZEN
WATCH CO. LTD. On 16 Dec. 1998, discloses a method of
this type, and a portable electronic device for implementing
the same. In particular, this device 1s provided with specific
means arranged for detecting when the device enters into
contact with water, and a pressure sensor, arranged for mea-
suring the value of the ambient pressure. According to this
Patent, the pressure sensor 1s powered, in a first operating
mode, so as to carry out an atmospheric pressure measure-
ment once an hour 1 order to store the value thereby obtained
as the reference pressure value. Moreover, the specific water
detection means, which can for example take the form of
ohmic contacts arranged on the case of the device, are per-
manently or periodically powered.

The ohmic contacts thus fulfil a main switch function for
the circuits dedicated to the operating mode relating to diving,
in particular for the pressure sensor. Indeed, when the pres-
ence of water 1s detected at the ohmic contacts, the supply
frequency of the pressure sensor 1s altered such that the ambi-
ent pressure measurements are carried out with a period of the
order of a second, within the scope of an operating mode
called the preparation mode. These measurements allow the
value of the pressure variation between the last measured
value and the last reference pressure value stored to be cal-
culated, the value of the variation then being compared to a
predefined value forming a dive mode trigger threshold.
When the pressure variation breaches the trigger threshold,
the dive mode 1s activated. In the opposite case, the sensor 1s
still powered for several minutes to monitor the development
of the ambient pressure. Once this time period has elapsed.,
the preparation mode 1s deactivated and the pressure sensor 1s
again powered with a period of the order of an hour.

Such a detection method enables a distinction to be made,
for example, between a situation 1n which the person wearing
the device wets 1t by washing his hands and a situation actu-
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ally corresponding to the start of a dive. In the latter case, the
pressure measurements carried out by the pressure sensor
enable the start of a dive to be validated after activation of the
preparation mode, insofar as the device undergoes contact
with water first of all before seeing the ambient pressure
Increase.

However, this type of device has a significant drawback
from the point of view of 1ts construction, arising {from the
need to provide specific means for detecting the presence of
water on the case. In the aforecited case using ochmic contacts,
it 1s 1n fact imperative that specific means are provided to
guarantee that the case of the device 1s water tight in the area
of such contacts, which can have significant consequences as
regards the manufacturing cost of the device. Consequently,
the method described hereinbefore has a similar drawback
because 1t 1s based on the implementation of specific means
for detecting the presence of water.

Other methods and devices are known from the prior art
which do notimplement such specific means for detecting the
presence of water and which use ambient pressure measure-
ments to detect the start of a dive.

In particular, devices of this type are known wherein a
pressure sensor 1s periodically powered to measure the value
of the ambient pressure, the results of such measurements
being stored. These devices are arranged such that at each new
ambient pressure measurement, the value of the variation
between this last measurement and the previous one 1s calcu-
lated and compared to a value defining a trigger threshold.
Once the trigger threshold has been breached, the dive mode
1s activated, the second to last pressure value measured being
typically stored as a reference pressure, 1.¢. 1t 1s assumed to
correspond to the surface pressure of the body of water 1n
which the dive takes places.

This type of device has, however, a drawback because the
accuracy of detection of the start of a dive 1s entirely based
upon the value retained for the trigger threshold.

Thus, 1t the value retained for this threshold 1s too low, the
device 1s exposed to a risk of the dive mode being mnadvert-
ently triggered. By way of example, if the person wearing
such a device comes down a mountain road at a sustained
rhythm, the device 1s capable of considering the correspond-
Ing increase 1n pressure similar to entry into water. On the
other hand, if the value retained for the threshold 1s too high,
the trigger precision 1s liable to be poor 11 the user stays in the
water 1n proximity to the surface for some time before the
start of a dive. In such a case, 1t 1s also possible for the stored
reference pressure value to be incorrect since 1t was measured
in the water, at a lower depth than that of the trigger threshold.
Such an error can, depending on its amplitude, have danger-
ous consequences for the health of the person wearing the
device, particularly from the point of view of data relating to
a decompression stop onto which the error would be carried.

SUMMARY OF THE INVENTION

It 1s a first object of the present invention to overcome the
alforementioned drawbacks of the prior art by proposing a
method for detecting the start of a dive with increased preci-
s10m, the detection being carried out on the basis of measured
values of the ambient pressure, and a portable electronic
device adapted for implementing such a method.

Thus, the invention provides a method of the type indicated
hereinbelfore, comprising the steps of:

a) measuring an ambient pressure value and storing it as a

reference pressure value;

b) periodically measuring the ambient pressure value at a

first frequency,
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¢) periodically calculating the value of the vanation in
pressure between the measured ambient pressure and the
reference pressure at a first frequency and comparing the
pressure variation value to a predefined value, called the
trigger threshold stored 1n the memory zone,

d) activating the dive mode 1f the pressure variation value1s
higher than the trigger threshold or, 1n the opposite case,
continuing to step ¢),

¢) comparing at a second frequency, the pressure variation
value to a predefined measurable quantity, stored in the
memory zone, or determined on the basis of measured
pressure values, said quantity being lower than the trig-
ger threshold, the second frequency being lower than or
equal to the first frequency,

1) making a correction to the reference pressure value 1t the
pressure variation value 1s higher than the quantity or, 1n
the opposite case, storing the last measured pressure
value as the new reference pressure value, then

g) returning to step b).

Alternatively, 1n step e), the absolute value of the calculated
pressure variation i1s compared to a predefined quantity,
stored 1n said memory zone or determined on the basis of the
measured pressure values.

Thus, according to this detection method, the reference
pressure value 1s not systematically updated at a given ire-
quency. The varniation in the calculated pressure is taken into
account in order to correct a measured ambient pressure value
before storing it as the reference pressure. Consequently,
increased precision 1s obtained, with respect to the aforecited
devices of the prior art, for detecting the start of a dive.

Preferably, the method according to the present invention
turther comprises, after step d), the steps of:

d') periodically determining, at a third frequency, the pres-
sure variation sign, the third frequency being comprised
between the first and second frequencies,

d") storing the value of the last measured pressure as the
reference pressure value then returning to step b) 11 said
pressure variation 1s negative or, in the opposite case,
continuing to step e).

These additional steps also increase precision as to the

stored reference pressure value by multiplying the updating
possibilities with respect to the basic method.

According to a first variant of the present invention, when
the quantity 1s predefined, the latter being called the first
correction factor, the correction at step 1) consists 1n adding
the first correction factor to the stored reference pressure
value, the result of the addition being stored as the new
reference pressure value.

According to a second embodiment of the present inven-
tion, when the quantity 1s determined on the basis ol mea-
sured pressure values, step ¢) further comprises an action of
storing the pressure variation value at the second frequency, at
least the last three stored pressure variation values being used
to calculate the quantity. This latter corresponds, according to
a preferred variant, to the result of the calculation of the mean
pressure variation of the last three values, correction at step 1)
consisting 1n adding the quantity to the stored reference pres-
sure value, the result of the addition being stored as the new
reference pressure value.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
appear more clearly upon reading the following detailed
description, made with reference to the annexed drawings,
given by way of non-limiting example and in which:
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FIG. 1 1s a general schematic diagram of the electronic
circuit ol an example portable electronic device for imple-
menting the method according to the present invention;

FIG. 2 1s a diagram schematically showing the steps of the
method for detecting the start of a dive according to a first
embodiment of the present invention;

FIG. 3 1s a diagram schematically showing the steps of the
method for detecting the start of a dive according to a second
embodiment of the present invention, and

FIG. 4 1s a diagram schematically showing the steps of the
method for detecting the start of a dive according to a third
embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 shows schematically a general diagram of the elec-
tronic circuit of an example portable electronic device for
implementing the method according to the present invention.
In the example shown here, the portable electronic device
takes the particular form of an electronic diver’s watch 1 with
an analogue display comprising at least two operating modes,
a first time mode and a second dive mode.

Of course, the method according to the present invention 1s
not limited to implementation 1 a watch but can also be
implemented 1 any type of conventional portable diver’s
computer without departing from the scope of the present
invention.

Generally, the electronic circuit of watch 1 comprises an
integrated circuit 2 including a controller circuit 3 capable of
managing the conventional time functions of watch 1 com-
prising, for this purpose, a time division circuit and being
connected to a resonator 4 supplying a time base. From this
time base, time-related data 1s produced by controller circuit
3, particularly for carrying out the time mode functions and
the functions relating to the dive mode.

Moreover, controller circuit 3 recerves at one input signals
generated by a pressure sensor 5 generating analogue electr-
cal signals representative of the ambient pressure. These sig-
nals pass through an analogue-digital converter 6 before
being supplied to the mput of controller circuit 3, in the form
of a digital signal.

Pressure sensor 5 1s of a conventional type and those skilled
in the art will not encounter any difficulty in selecting one
suited to implementing the present invention.

Integrated circuit 2 also comprises memory zones, particu-
larly a first memory zone 7, preferably of the non-volatile
type, containing a programme enabling controller circuit 3 to
make calculations relating to the dive mode, on the basis of a
decompression algorithm, for example. The choice of arepro-
grammable non-volatile memory (Flash or EPROM, {for
example) enables the calculation programme to be subse-
quently altered as a function of the decompression algorithm
used. Integrated circuit 2 preferably comprises at least a sec-
ond memory zone 8, also of the non-volatile type, 1n which
measurements and results of the calculations made by con-
troller circuit 3 are stored. This second memory zone 8 1s
provided particularly for storing depth measurements and the
corresponding time-related measurements relating to the last
dive or dives, by way of illustration.

From these respective mput signals, controller circuit 3
determines the situation and the state of the diver at every
instant, from the point of view of diving. For this purpose, 1n
time mode, the device can provide for a pressure measure-
ment to be taken every five minutes and, 1 dive mode, a
pressure measurement to be taken every two seconds, for
example. From all of these periodic measurements and on the
basis of the programme stored 1n first memory zone 7, con-
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troller circuit 3 determines a certain number of parameters
relevant to the diver’s health, 1.e. 1n particular, the residual
nitrogen rate dissolved in his body and the quantity of micro-
bubbles formed, for example.

Moreover, 1n the example embodiment described, watch 1
has an analogue type display, comprising in particular hour 9
and minute 10 hands, controlled by two-directional motors
(not shown). Thus, controller circuit 3 1s programmed to
generate adapted signals for a control circuit 11 for the two-
directional motors, such that hour and minute hands 9 and 10
display information relating to the current time, 1n a first time
mode, and information relating to diving in a second dive
mode. The watch further includes a control member 12, such
as a stem-crown, provided in particular for adjusting the
current time or for activating particular functions. By way of
non-limiting example, FIG. 1 shows three positions refer-
enced A, B and C for control member 12, position A being a
rest position, position B a pushed-in unstable position and
position C a pulled-out stable position.

The reader interested in the operation of a portable elec-

tronic device of this type could consult, for example, EP
Patent Application Nos. 1396766 Al and 1 396767 A1, both

filed 1n the name of Asulab S. A. on 4 Sep. 2002 and entitled
“Flectronic diving watch with analogue display™, 1n order to
obtain further details. In fact, since the method according to
the mvention concerns the passage from a {first operating,
mode to the dive mode, the operation of the latter will not be
discussed in detail 1n the present Application.

FIGS. 2 to 4 show diagrams relating to three embodiments
of the dive start detection method according to the present
invention, the description of these embodiments being pro-
vided by way of non-limiting example. These three methods
allow the pressure measurements periodically taken by pres-
sure sensor 5 to be “filtered” in order to limit 1inadvertent
triggering ol the dive mode, as can happen with certain
devices of the prior art, when for example quickly descending
a mountain. Likewise, these methods aim to prevent a device
that implements them failing to detect the start of a dive,
because for example the user stays 1n the water for a moment,
at the surface, before actually beginning the dive.

FI1G. 2 shows a schematic diagram detailing the main steps
of the dive start detection method according to a first embodi-
ment of the present invention.

Controller circuit 3 1s programmed to periodically power
pressure sensor 5 when the watch 1s in time mode, to carry out
ambient pressure value measurements.

The method starts at stage A, marked by the reference
numeral 20, of the diagram, a previously measured pressure
value being stored as the reference pressure Pref. Further, a
first counter (not shown) 1s provided for measuring {irst time
intervals t1, this counter having a value t1 comprised between
0 and T1 at stage A, T1 being a measurement period value.
Preferably, period T1 is substantially comprised between 0.1
and 10 seconds.

At step 21 of the diagram, from stage A, controller circuit
3 tests the value of the first counter. While the counter value 1s
not equal to T1, the method returns to step A, preferably, but
not 1n a limitative manner, once per second, the counter value
being incremented each time.

When the value of the first counter reaches the value T1, the
latter 1s reset to zero, at 22 1n FIG. 2.

Pressure sensor 3 1s then powered to carry out a measure-
ment of ambient pressure P, at 23. On the basis of the mea-
surement carried out, controller circuit 3 calculates a pressure
variation dP, at 24, on the basis of the pressure measurements
last measured and previously stored reference pressure Pref.
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Controller circuit 3 then compares, at 235, the value calcu-
lated for pressure variation dP to a predefined value S, called
the trigger threshold, and which corresponds to a water height
preferably comprised between 0.2 and 1.5 meters.

When the value of pressure variation dP exceeds the trigger
threshold S, the dive mode 1s activated, at 26.

In the opposite case, namely when the value of pressure
variation dP 1s less than trigger threshold S, controller circuit
3 carries out an additional test on the value of pressure varia-
tion dP, at 27. More specifically, the controller circuit deter-
mines the sign of dP, this operation being preferably carried
out at the same frequency as the ambient pressure measure-
ments, at 23. However, as an alternative, the frequency of test
2’7 could be different from that of the ambient pressure mea-
surements without departing from the scope of the present
invention.

On the one hand, when the result of test 27 indicates that the
value of dP is negative, which corresponds to a decrease in
pressure between the last time that reference pressure mea-
surement value Pref was stored and the last ambient pressure
measurement P carried out, this latter value 1s stored as the
new relference pressure value Pref, at 28.

It will be noted, at 29 in FIG. 2, that the value t2 of a second
counter, whose function will be explained hereinafter, 1s
tested. When value 12 1s equal to a value T2 which corre-
sponds to a second calculating frequency of the detection
method according to the present invention, 1t 1s reset to zero,
at 30, before starting the method again at A. When value t2 of
the second counter 1s less than T2, the method is restarted
directly at A by carrying out an increment of t2.

On the other hand, when the result of test 27 indicates that
the value of dP 1s positive or zero, which corresponds to an
increase or stagnation of the pressure between the last time
reference pressure value Pref was stored and the last ambient
pressure measurement P carried out, the controller circuit
passes to an additional test at 31.

Additional test 31 consists in checking whether value t2 of
the second counter has reached the value T2, corresponding to
frequency 12 at which the stored reference pressure value 1s
capable of being corrected, this second frequency 12 being
lower than frequency 11 at which measurements of ambient
pressure value P are carried out.

Frequency 12 has to be sulficiently low, i other words the
corresponding period T2 has to be sufficiently long, for the
pressure variation to have a significant value from the point of
view ol correcting reference pressure value Pref. Preferably,
a value of T2 substantially comprised between 30 seconds
and 10 minutes will be used, namely a frequency 12 of the

order of 0.001 to 0.04 Hz.

When value t2 1s less than T2, the method 1s started again
directly at A by carrying out an increment of t2.

When the value of 12 1s equal to T2, controller circuit 3
carries out a new calculation at 32, the purpose of which 1s to
evaluate the recent behaviour of the ambient pressure value
with respect to 1ts mean behaviour taken over a longer period
of time. For this purpose, controller circuit 3 stores the last
value of pressure variation dP calculated in memory zone 8,
the latter preferably comprising at least four slots for this.
Thus, the last value of pressure variation dP calculated 1s
stored by replacing the oldest dP value still 1n the memory.
The controller circuit then calculates the mean value dPm of
the pressure variation on the basis of the last four values
stored, referenced dP1-3, dP1-2, dPi-1 and dP, simply by add-
ing them together and dividing the result of the addition by
four.
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From the value dPm calculated hereinbefore, controller
circuit 3 compares, at 33, this mean value to the last value of
pressure variation dP calculated.

When the last value of pressure variation dP 1s less than
dPm, the value of reference pressure Pref 1s updated with the
last measured value of ambient pressure P, at 34. Once the
update 1s completed, value t2 of the second counter is reset to
zero at 30 and the method starts again at stage A.

When the last value of pressure variation dP 1s higher than
dPm, the next step at 35 1s for correcting the value of reference
pressure Pref. In this case, 1t 1s assumed that the last pressure
variation calculated 1s too large with respect to this variation
taken into account over a longer period of time, this 1s why
this variation 1s not entirely propagated over the stored refer-
ence pressure value Pref. Consequently, the mean value dPm
calculated at 32 1s added to the last stored reference pressure
value, the result of this addition being stored as the new
reference pressure value Pref, to take account of the recent
tendency 1n terms ol ambient pressure vanation value. The
elfect of this correction 1s to “smooth” the variations of the
reference pressure value Pret to filter abrupt ambient pressure
variations.

Once the reference pressure value Pref has been corrected,

value 12 of the second counter 1s reset to zero at 30 and the
method starts again at A.

This set of steps 1s repeated indefinitely while the value of
pressure variation dP calculated at 24 does not exceed trigger
threshold S 1n the test carried out at 23.

According to a preferred variant of the method that has just
been described, the stored pressure variation values dPi-3,
dP1-2, dPi-1 and dP are replaced by zero in memory zone 8
during implementation of step 28, 1.e. when controller circuit
3 determines that the last calculated pressure variation value
1s negative at step 27.

The general operating principle of the method according to
the present embodiment 1s based on the fact that the ambient
pressure 1mcreases considerably at the start of a dive. Thus,
when the pressure value varies quickly by a value suificient to
exceed the trigger threshold, the dive mode 1s activated. In the
opposite case, two cases can be i1dentified, namely the first
case where there 1s a decrease 1n the ambient pressure and the
second case where there 1s a moderate increase in the ambient
pressure.

In the first case, 1t 1s assumed that the user 1s not 1n the water
but thathe1s gaining in altitude. The stored reference pressure
value Pref1s then updated with a relatively high frequency, 1.¢.
of the order of several seconds, so that the stored value 1s
representative of real value of the atmospheric pressure with
a high level of precision. By way of example, such a mea-
surement 1s fully justified when the person wearing a device
implementing the present method goes by car to a high alti-
tude lake 1n order to make a dive there.

In the second case, a moderate increase in the ambient
pressure can be attributed to two different causes, either entry
into water while remaining at a low depth, or a quick descent
at the surface, like for example a quick mountain descent by
car or even during air sports. The method according to the
present invention enables these events to be taken into
account because the reference pressure 1s updated but with a
relatively low frequency compared to the frequency of the
ambient pressure measurements. Moreover, when the
increase 1n ambient pressure becomes too large, this increase
1s propagated over the stored reference pressure value Pref but
attenuated thereby. Thus, the ambient pressure variations are
taken into account while undergoing a sort of smoothing
during processing by the controller circuit.
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Owing to such a method, detection of the start of a dive can
be guaranteed with a high level of reliability, 1nadvertent
triggering of the dive mode being also greatly limited.

FIG. 3 shows a schematic diagram detailing the main steps
of the method for detecting the start of a dive according to a
second embodiment of the present invention.

As the first steps of the method according to this embodi-
ment as far as comparison of the pressure variation value to
the trigger threshold value S at 25, are the same as 1n the first
embodiment, they will not be described 1n detail. Moreover,
the reference numerals used within the scope of the first
embodiment for these steps have been carried over to FIG. 3.

When the pressure variation value dP i1s less than trigger
threshold S, which corresponds to an increase or stagnation in
the pressure between the last time that reference pressure
value Pref was stored and the last ambient pressure measure-
ment P carried out, the controller circuit passes to an addi-
tional test at 40.

The additional test 40 consists 1 checking whether the
value t2 of a second counter has reached the value T2 corre-
sponding to the frequency 12 at which the stored reference
pressure value 1s capable of being corrected. This second
frequency 12 1s lower than the frequency {1 at which the
ambient pressure measurements P are carried out.

Frequency 12 1s here of the same order of grandeur as in the
first embodiment. Preferably, a T2 value substantially com-
prised between 30 seconds and 10 minutes will be taken,
namely a frequency 12 of the order of 0.001 and 0.04 Hz.

When the value t2 1s less than T2, the method will be started
again directly at A by carrying out an increment of {2.

When the value of 12 1s equal to T2, controller circuit 3
resets value 12 of the second counter at 41, before making a
new calculation, at 42, the purpose of which 1s to evaluate the
recent behaviour of the ambient pressure value with respect to
its mean behaviour taken over a longer period of time. This
step 42 1s similar to step 32 described in relation to the first
embodiment. Controller circuit 3 stores the last calculated
pressure variation value dP in the memory zone 8, this latter
preferably comprising at least four slots for this purpose.
Thus, the last calculated pressure vanation value dP 1s stored
replacing the oldest dP value still in the memory. The con-
troller circuit then calculates the mean pressure variation
value dPm on the basis of the last four values stored in the
memory, referenced dPi1-3, dPi1-2, dPi-1 and dP, simply by
adding them together and dividing the result of the addition
by four.

From the value dPm calculated hereinbefore, controller
circuit 3 compares, at 43, the absolute value of this mean
value to the absolute value of the last calculated pressure
variation value dP.

When the last pressure variation value dP 1s less than dPm,
in absolute value, the reference pressure value Pret 1s updated
with the last measured value of the ambient pressure P at 44.
Once the update 1s completed, the method starts again at step
A.

When the last pressure variation value dP 1s higher than
dPm, 1n absolute value, at 45, there 1s a step of correcting the
reference pressure value Prel. In such case, 1t 1s assumed, 1n
fact, that the last calculated pressure value 1s too large with
respect to the variation taken into account over a longer period
of time, which 1s why this variation 1s not entirely propagated
onto the stored reference pressure value Pref. Consequently,
the mean value dPm calculated at 42 1s added to the last stored
reference pressure value, the result of this addition being
stored as the new reference pressure value Pref, to take into
account the recent tendency in terms of ambient pressure
value vanation. The efifect of this correction 1s to “smooth”™
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the reference pressure value vanations Pref, to filter the
abrupt ambient pressure variations.

Once the reference pressure value Pref has been corrected,
the method 1s started again at step A.

This set of steps 1s repeated indefinitely while the pressure
variation value dP calculated at 42 does not exceed trigger
threshold S 1n the test carried out at 25.

According to a preferred variant of the method that has just
been described, the stored pressure variation values dPi-3,
dP1-2, dPi-1 and dP are replaced by zero in memory zone 8
during implementation of step 44, 1.e. when controller circuit
3 determines that the last calculated pressure variation value
1s suificiently low to replace the stored reference pressure
value by the last measured ambient pressure value.

Two significant variations can be noted in this method with
respect to that described in relation to the first embodiment.

On the one hand, 1t will be noted that the reference pressure
value Pref 1s always updated at frequency 12, which can lead
to less precision as to the stored reference pressure value with
respect to the real surface pressure, in certain particular cir-
cumstances of use.

On the other hand, 1t will be noted that no distinction 1s
made according to the sign of the calculated pressure varia-
tion as 1s the case at step 27 of the method according to the first
embodiment. In fact, comparison of the last calculated pres-
sure variation value dP with the mean value dPm occurs 1n
absolute values. Thus, the processing subsequently carried
out by controller circuit 3 1s the same whether dP 1s positive or
negative. Consequently, smoothing of the ambient pressure
variations occurs 1n both directions, 1n other words, all of the
ambient pressure value variations are attenuated, before the
latter 1s stored as the reference pressure, whether these varia-
tions correspond to decreases or increases in the ambient
pressure.

FI1G. 4 shows a schematic diagram detailing the main steps
of the method for detecting the start of a dive according to a
third embodiment of the present invention.

As the first steps of the method according to the present
embodiment as far as determination of the sign of the pressure
variation, at step 27, are the same as 1n the first embodiment,
they will not be described 1n detail. Moreover, the reference
numerals used 1n the first embodiment for these steps have
been carried over to FIG. 4.

The method according to this embodiment differs from the
two preceding embodiments mainly by the nature of the quan-
tity used for correcting the stored reference pressure value,
which here 1s a predefined quantity and no longer a quantity

based on measured ambient pressure values.

When the result of test 27 indicates that the value of dP 1s
negative, which corresponds to a pressure decrease between
the last stored reference pressure value Pref and the last
ambient pressure measurement P carried out, this latter value
1s stored as the new reference pressure value Pret, at 50.

It can be observed next at 51, in FIG. 4, that controller
circuit 3 attributes a particular value, 6 here, to the value n of
an additional counter, whose function will be explained here-
inafter.

In a preferred implementation varniant, the value t2 of a
second counter, similar to that described in relation to the
preceding embodiments, 1s then tested at 52. When the value
t2 1s equal to a value T3, which corresponds to a third update
frequency 13, 1t 1s reset to zero, at 53, while the last stored
reference pressure value Pref 1s saved as the surface pressure
P,, at 54, the latter being used as reference in the dive mode.
Following this update, which is not indispensable for imple-
menting the detection method according to the present inven-
tion, the method 1s restarted at A. When the value 12 of the
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second counter 1s lower than T3, the method 1s restarted
directly at A by carrying out an increment o1 t2. As mentioned
hereinbelore, a T3 value comprised between 30 seconds and
10 minutes will be taken, namely a corresponding frequency
13 of the order of 0.001 to 0.04 Hz.

On the other hand, when the result of test 27 indicates that
the value of dP 1s positive or zero, which corresponds to an
increase or stagnation ol pressure between the last time that
reference pressure value Pref was stored and the last ambient
pressure measurement P carried out, the controller circuit
passes to an additional test at 55.

Additional test 55 consists in checking whether value 12 of
the second counter has reached a value a*T2, a being an
integer number and T2 corresponding to a frequency 12 at
which the stored reference pressure value 1s capable of being
corrected, this third frequency 12 being comprised between
frequencies 11 and 13.

Frequency 12 has to be sufficiently low, 1n other words the
corresponding period 12 has to be sufficiently long, for the
pressure variation to have a significant value from the point of
view ol correcting reference pressure value Pret. Preferably,
a T2 value substantially comprised between 30 seconds and 5
minutes will be taken, namely a frequency 12 of the order of
0.003 to 0.04 Hz.

When value 12 1s not a multiple of T2, the method 1s
restarted directly at A, by carrying out an increment of 12.

When the value t2 of the second counter 1s equal to a*T2,
in other words 1t1s amultiple o1 T2, one passes to test 56 ot the
value n of the additional counter.

It the value n of the additional counter 1s different to zero,
the controller circuit carries out another test, at 57, on the
basis of the last calculated pressure variation value dP. The
value of dP 1s compared to a predefined quantity ¢l whose
value corresponds to a water height of the order of 2 to 40 cm.

When the value of dP i1s less than c1, called the first cor-
rection factor, the end of the detection method 1s restarted, as
described hereinbefore, at step 50 where the stored reference
pressure Pref 1s updated by taking the last measured ambient
pressure value P.

When the value of dP 1s higher than c1, the controller
circuit performs a correction of the reference pressure value
Pref, at 58, by storing the sum of the last stored value Pref with
the value of ¢1 as the new reference pressure value Pref. Then,
the value n of the additional counter 1s decremented at 59
betore continuing the end of the method by returning to step
52, which was previously described.

It 1s thus observed that starting from a value n equal to six
in the additional counter, six successive passages through
steps 57 to 59 are necessary to return the value n to zero.

At such a stage, the result of the test at 56 1s different from
what has just been described, which modifies the steps that
tollow this test.

In fact, when the value n of the additional counter 1s equal
to zero at 56, controller circuit 3 carries out a different test, at
60, on the basis of the last calculated pressure variation value
dP. Thais latter 1s then compared to a second predefined quan-
tity ¢2, called the second correction factor, whose value 1s
comprised between the respective values of ¢l and S.

When the result of this test 60 leads to the observation that
dP 1s less than ¢2, the method returns to step 50, where the last
measured ambient pressure value 1s stored as the new refer-
ence pressure value Pref.

When the value of dP 1s higher than ¢2, one continues to
step 61, which forms an additional step of correcting the
reference pressure value Pref. During this step, the sum of the
last stored reference pressure value with ¢2 1s stored as the
new reference pressure value Pref.
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The method continues atfter this correction step, by return-
ing to step 32 that has already been described.

This set of steps 1s repeated indefinitely while the value of
pressure variation dP calculated at 24 does not exceed trigger
threshold S 1n the test carried out at 23.

This method provides a distinction as to the sign of the last
calculated pressure variation value dP, like the method
according to the first embodiment, the reference pressure
being corrected only 1n cases where the ambient pressure
variation does not decrease.

The essential difference distinguishing the method accord-
ing to the present embodiment from the preceding embodi-
ments lies 1n the fact that the quantity used to correct the
reference pressure value Pref does not take account of the past
development of the ambient pressure value insofar as 1t cor-
responds to a predefined constant.

Moreover, 1t 1s clear that the steps linked to use of an
additional counter of value n are not indispensable for imple-
menting the detection method according to this embodiment,
more particularly as regards test 60 and correction step 61.

In fact, the increases in measured pressure P are propagated
over the stored reference pressure value Pref while being
attenuated. In other words, correction step 58, like step 61,
limits with a value c1, the increase 1n the reference pressure
value to be stored, 1n order to smooth increases in the ambient
pressure.

Thus, 1n the particular case where the ambient pressure
Increases in a quasi-continuous manner for several minutes, 1f
the correction mentioned at step 38 alone 1s carried out, the
stored reference pressure value moves further and further
away {rom the real ambient pressure value.

This 1s why 1t 1s preferable to implement an additional
correction step 61 during which the reference pressure value
to be stored 1s also limited but with a value ¢2 higher than c1.
This additional step enables the precision of the method
according to the third embodiment to be further increased.

Those skilled in the art will of course be able to provide the
update of surface pressure P, as described at step 34 of this
embodiment, 1n the preceding embodiments. Such a precau-
tion 1n fact allows a high level of precision to be guaranteed
tor this value, which 1s subsequently used, i the dive mode,
to carry out depth calculations and, to determine data relating
to the safety of the person wearing the device.

The preceding description corresponds to preferred
embodiments of the invention and should 1n no way be con-
sidered to be limitative, as regards more particularly the struc-
ture described for the watch, the functions described, the
nature and the number of control members used. As previ-
ously mentioned, the detection method according to the
present invention can be implemented in any portable elec-
tronic device of the diving computer type, whether the display
1s analogue or digital. Likewise, the invention 1s not limited to
the operating modes described, insofar as these parameters
can be modified by suitable programming of the controller
circuit. Those skilled 1n the art will not encounter any par-
ticular difficulty in adapting the method according to the
present invention to their own needs, particularly as regards
the values provided by way of example for the frequencies
and the correction quantities.

What 1s claimed 1s:

1. A method adapted to be implemented in a portable
clectronic device having at least a first operating mode and a
second operating mode, called the dive mode, and comprising
in particular a pressure sensor for measuring the value of the
ambient pressure (P) and electronic circuits for processing the
results of said measurements comprising a time base and at
least one memory zone, the method being implemented 1n
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said first operating mode for detecting a start of a dive and
automatically switching said portable electronic device over
to said dive mode when the start of a dive 1s detected, said
method comprising the steps of:

a) measuring an ambient pressure value and storing it as a
reference value (Pret);

b) periodically measuring the value of the ambient pressure
(P) at a first frequency (11),

¢) periodically calculating the value of the vanation 1n
pressure (dP) between the measured ambient pressure
(P) and the reference pressure (Pret) at a first frequency
(11) and comparing said pressure variation value (dP) to
a predefined value, called the trigger threshold (S) stored
in the memory zone (7),

d) 11 the pressure variation value (dP) 1s higher than said
trigger threshold, then switching over to said dive mode;
if not, then continuing to step ¢),

¢) comparing, at a second frequency (12), said pressure
variation value (dP) to a predefined quantity (c1), stored
in said memory zone, or determined (dPm) on the basis
of measured pressure values, said quantity being lower
than said trigger threshold (S), said second frequency
(12) being lower than or equal to said first frequency (11),

1) 11 the pressure variation value (dP) 1s higher than said
quantity, then making a correction to the reference pres-
sure value (Pretl); 11 not, then storing the last measured
pressure value (P) as the new reference pressure value

(Pret),

g) returning to step b).
2. The detection method according to claim 1, further
including, after step d), the steps consisting 1in:

d") periodically determining, at a third frequency (13), the
sign of the pressure variation (dP), said third frequency
(13) being comprised between said first and second fre-
quencies (11, 12),

d") storing the value of the last measured pressure as the
reference pressure value (Pref) then returning to step b)
if said pressure variation (dP) 1s negative or, in the oppo-
site case, continuing to step e).

3. The detection method according to claim 2, wherein,
when said quantity 1s predefined, the latter being called the
first correction factor (c1), said correction at step 1) consists 1n
adding said first correction factor (c1) to said stored reference
pressure value, the result of the addition being stored as the
new reference pressure value (Pret).

4. The detection method according to claim 3, wherein,
completion of steps ¢) to g) defining a cycle, said first correc-
tion factor (c1) 1s replaced 1n steps €) and 1), 1n one cycle in
every ncycles, by an additional predefined quantity, called the
second correction factor (¢2) and the value of which 1s com-
prised between those of said first correction factor and said
trigger threshold, when a correction has been made to the
reference pressure value during the last n—1 cycles carried
out, n being an integer number comprised between two and
ten.

5. The detection method according to claim 2 wherein,
when said quantity 1s defined on the basis of measured pres-
sure values, step e) further includes an action of storing said
pressure variation value (dP) at said second frequency (12), at
least the last three pressure varnation values (dP1-2, dPi-1, dP)
stored being used to calculate said quantity, this latter corre-
sponding to the result of the calculation of the mean pressure
variation (dPm) over said at least last three values, said cor-
rection at step 1) consisting 1n adding said quantity (dPm) to
said stored reference pressure value, the result of the addition
being stored as the new reference pressure value (Pret).
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6. The detection method according to claim 5 wherein said
quantity 1s calculated on the basis of the last four pressure
variation values (dP1-3, dP1-2, dPi-1, dP) stored.

7. The detection method according to claim 6 wherein,
when the sign of the last calculated pressure variation (dP) 1s
negative 1 step d"), the stored pressure variation values (dPi-
3, dP1-2, dPi-1, dP) are all replaced by zero before returning
to step b).

8. The detection method according to claim 5 wherein,
when the sign of the last calculated pressure variation (dP) 1s
negative 1 step d"), the stored pressure variation values (dPi-
3, dP1-2, dPi-1, dP) are all replaced by zero before returning
to step b).

9. The detection method according to claim 2 wherein the
first and third frequencies (11, 13) are equal.

10. The detection method according to claim 1, wherein,
when said quantity 1s predefined, the latter being called the
first correction factor (c1), said correction at step 1) consists 1n
adding said first correction factor (c1) to said stored reference
pressure value, the result of the addition being stored as the
new reference pressure value (Pret).

11. The detection method according to claim 10 wherein,
completion of steps €) to g) defining a cycle, said first correc-
tion factor (c1) 1s replaced 1n steps €) and 1), 1n one cycle in
every ncycles, by an additional predefined quantity, called the
second correction factor (c2) and the value of which 1s com-
prised between those of said first correction factor and said
trigger threshold, when a correction has been made to the
reference pressure value during the last n—1 cycles carried
out, n being an integer number comprised between two and
ten.

12. The detection method according to claim 1 wherein,
when said quantity 1s defined on the basis of measured pres-
sure values, step e) further includes an action of storing said
pressure variation value (dP) at said second frequency (12), at
least the last three pressure variation values (dPi1-2, dPi-1, dP)
stored being used to calculate said quantity, this latter corre-
sponding to the result of the calculation of the mean pressure
variation (dPm) over said at least last three values, said cor-
rection at step 1) consisting 1n adding said quantity (dPm) to
said stored reference pressure value, the result of the addition
being stored as the new reference pressure value (Pret).

13. The detection method according to claim 12, wherein
said quantity 1s calculated on the basis of the last four pressure
variation values (dP1-3, dP1-2, dPi-1, dP) stored.

14. The detection method according to claim 1, wherein
said first frequency (11) has a value substantially comprised
between 0.1 and 10 Hz.

15. The detection method according to claim 1, wherein
said second frequency (12) has a value substantially com-
prised between 0.001 and 0.04 Hz.

16. The detection method according to claim 1, wherein the
value of said trigger threshold corresponds to a height of
water substantially comprised between 0.2 and 1.5 meters.

17. The detection method according to claim 1, comprising
an additional step implemented at a third frequency (13) and
during which the stored reference pressure value (Pref) is
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saved 1n an additional memory zone to be subsequently used
in the dive mode as the real pressure value at the surface of the
body of water 1n which the dive 1s made.

18. The computer programme 1nstalled in a controller cir-
cuit for implementing the method according to claim 1.

19. The controller circuit for a portable electronic device
arranged for implementing the detection method according to
claim 1.

20. The portable electronic device including a controller
circuit according to claim 19.

21. A method adapted to be implemented in a portable
clectronic device having at least a first operating mode and a
second operating mode, called the dive mode, and comprising,
in particular a pressure sensor for measuring the value of the
ambient pressure and electronic circuits for processing the
results of said measurements comprising a time base and at
least one memory zone, the method being implemented 1n
said first operating mode for detecting a start of a dive and
automatically switching said portable electronic device over
to said dive mode when the start of a dive has been detected.,
said method comprising the steps of:

a) measuring an ambient pressure value and storing 1t as a

reference value (Prel);

b)periodically measuring the value of the ambient pressure
(P) at a first frequency (11),

¢) periodically calculating the value of the variation 1n
pressure (dP) between the measured ambient pressure
(P) and the reference pressure (Pref) at said first fre-
quency (11) and comparing said pressure variation value
(dP) to a predefined value, called the trigger threshold
(S) stored 1n said memory zone,

d) 11 the pressure varnation value (dP) 1s higher than said
trigger threshold, then switching over to said dive mode;
if not, then continuing to step ),

¢) periodically comparing, at a second frequency (12), the
absolute value of said pressure vaniation (dP) to a pre-
defined quantity (c1), stored 1n said memory zone, or
determined on the basis of measured pressure values,
said quantity being less than said trigger threshold (S),

) 1T the absolute value of the pressure variation (dP) 1s
higher than said quantity, then making a correction to the
reference pressure value (Pref); i1 not, then storing the
last measured pressure value (P) as the new reference
pressure value (Pret),

g) returning to step b).

22. The detection method according to claim 21 wherein
step ¢) further includes an action of storing said pressure
variation value (dP) at said second frequency (12), at least the
last three pressure variation values (dP1-2, dPi1-1, dP) stored
being used to calculate said quantity, this latter corresponding
to the absolute value of the result of the calculation of the
mean pressure variation (dPm) of said at least last three val-
ues, said correction at step 1) consisting in adding said mean
pressure variation value (dPm) to said stored reference pres-
sure value, the result of the addition being stored as the new
reference pressure value (Pret).
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